Given the current changes in health care, being 
R ecently, evidence-based practice (EBP) has been recognized as a valuable tool for occupational therapists (Egan, Dubouloz, von Zweck, & Vallerand, 1998; Law & Baum, 1998; Tickle-Degnen, 1999) . EBP uses research evidence, clinical judgment and training, and client choice to provide the best and most efficient treatment possible (Law & Baum, 1998) . Despite the importance of the implementation of EBP in occupational therapy, there are barriers, such as lack of time to access research findings, that may make using this tool difficult for occupational therapists (von Zweck, 1999) . A need exists for published syntheses of research evidence, such as meta-analyses, that examine the effectiveness of treatments for specific populations and translate research findings into a "user-friendly" reference for occupational therapists. This article presents meta-analytic findings of the effectiveness of occupational therapy-related treatment for persons with Parkinson's disease. Cummings, 1996) , depression (Cummings, 1992) , difficulty in performing activities of daily living (Tison, Barberger-Gateau, Dubroca, Henry, & Dartigues, 1997) , and increased mortality (Bennett et al, 1996; Louis, Marder, Cote, Tang, & Mayeux, 1997) . Because of decreased ability to participate in daily life, persons with Parkinson's disease are often referred to occupational therapy services.
Currently, evidence supporting the effectiveness of occupational therapy-related treatments for Parkinson's disease is not strong. No meta-analyses and only two literature reviews were found. The two reviews synthesized literature on the effectiveness of exercise (Protas, Stanley, & Jankovic, 1996) and motor control and motor learning (Tse & Spaulding, 1998) . In the first review, one that included many of the studies in this current meta-analysis, the authors believed that the design flaws of the studies prevented them from drawing a conclusion about the effectiveness of exercise with persons with Parkinson's disease. In both reviews, the authors mentioned a lack of research on the topic. Despite limitations in the current effectiveness literature in this area, we believe that a meta-analysis could shed some light on whether the current research was supportive of the potential effectiveness of occupational therapy-related intervention for this population.
Method
To locate relevant studies, a computerized and manual search for articles was done. The computerized search included the databases of MEDLINE (1980 MEDLINE ( -1999 , Psychlit (1980 Psychlit ( -1999 , and the Cumulative Index to Nursing and Allied Health Literature (1982-1999) . Main search key words entered along with Parkinson's disease were occupational therapy, therapy, treatment, exercise, rehabilitation, activities, and activities of daily living. A manual search of the following journals was conducted: The American Journal of Occupational Therapy (1980 ), Physical Therapy (1990 , Archives of Physical Medicine and Rehabilitation (1990-1999) , Neurology (1990 Neurology ( -1999 , and The Journal of Neurologic Rehabilitation (1990 Rehabilitation ( -1999 . Reference lists of all pertinent articles were examined for citations of other potential articles for analysis. Thirty-three articles were identified as those that measured the effect of rehabilitation on persons with Parkinson's disease, and 18 met the inclusion criteria. Two studies had to be excluded because of insufficient data to compute effect sizes, leaving a final sample of 16.
Inclusion Criteria for Studies
To be included, studies had to meet the following criteria. First, they had to be published after 1980. We believed that older studies might not be relevant to current practice. Second, studies had to include a sample of participants with Parkinson's disease. In some studies that met the criteria, sampling was restricted to participants who were at a specific stage of the disease process as classified by Hoehn and Yahr (1967) . In addition, some studies attempted to control for the use of medication by recruiting participants who were stable on their medication regime. Despite sampling differences, all studies that included persons with Parkinson's disease were included.
Third, the treatment intervention described in each study had to be within the scope of occupational therapy practice and describe an occupational therapy-related intervention. All studies identified through the computerized and manual searches appeared to be of four types. The studies investigated the effect of general rehabilitation, a specific treatment within the scope of occupational therapy (e.g., a buttoning task, a structured exercise regime), a specific treatment beyond the scope of occupational therapy (e.g., music therapy conducted by trained music therapists, specific speech therapies, gait training), or experimental manipulations on the motor control or motor learning of persons with Parkinson's disease. In studies of a general rehabilitation program, general goals of physical therapy and occupational therapy were stipulated, such as to improve strength, balance, and flexibility or maximize function in self-care. The treating clinicians would design treatment sessions to meet the goals for individual clients over a specified period. In studies that examined a specific treatment strategy, sessions were controlled by such factors as the order, type, and number of exercises to be performed.
Studies that tested an intervention beyond the scope of occupational therapy were not included in this analysis. The first author usually made this decision. In certain instances where the applicability of a particular intervention to occupational therapy was in question, agreement between the first and second authors determined inclusion. Studies that examined motor control or motor learning were generally not included; however, two exceptions were made. Two studies (Platz, Brown, & Marsden, 1998; Soliveri, Brown, Jahanshahi, & Marsden, 1992) that were experimental manipulations to examine motor control and motor learning also appeared to be related to specific occupational therapy-related treatment. Soliveri et al. (1992) examined the effect of practice and other specific techniques, such as foot tapping on the performance of buttoning. Platz et al. (1998) examined the effect of practice and rhythmic auditory cues on reaching. The intent of these articles was to provide insight into the motoric processing of persons with Parkinson's disease, and data were collected within a single experimental session. The two studies were included in the analysis because they appeared to provide information of effects that might be found after a single occupational therapy session.
Fourth, each study had to have adequate quantitative information from which to calculate an effect size. This information included means and standard deviations, raw data from which to calculate means and standard deviations, significance tests (t, F, z), or exact p values. Fifth, studies having any type of experimental or quasi-experimental design (e.g., randomized controlled trials, cohort, pretest-posttest, case-control) were included to represent occupational therapy-related interventions adequately.
Coding Procedure
The first author coded all study variables. These variables included the year of publication, level of evidence, type of research design, purpose of the study, number of participants in the sample, number of participants in the treatment and control groups (where applicable), mean age of participants, progression of Parkinson's disease, and outcome measures. The coded level of evidence for a particular study was based on the research design, sample size, internal validity, and external validity.
Trombly, Tickle-Degnen, Baker, Murphy, and Ma (1999) developed the coding scheme to describe the methodological strength of the studies. The strength of the research design was identified with a Roman numeral code:
I: The study was a randomized controlled trial. II: The study was a nonrandomized controlled trial. III: The study was a nonrandomized controlled trial with no control group. IV: The study used a single-subject design. The adequacy of the sample size was coded A if more than 20 participants per condition in the study were included and B if fewer than 20 participants per condition were included. Internal validity was coded as 1 if the study had high internal validity for the experimental design, 2 if it had moderate internal validity in which an attempt was made to control for lack of randomization, and 3 if it had low internal validity. External validity was coded a if it had high external validity for the experimental design, b if it had moderate external validity, and c if it had low external validity. Although the first author completed the coding, the distinctions between levels of codings were discussed extensively by Trombly and colleagues, using examples from studies, until consensus regarding the distinctions was reached.
Progression of Parkinson's disease was coded as the percentage of participants classified into Hoehn and Yahr Stages I, II, III, IV, or V. These stages are commonly used to specify the severity of symptoms, such as bradykinesia and rigidity (Hoehn & Yahr, 1967) .
Each outcome measure used in a study was recorded and then classified into three levels of occupational performance adapted from Trombly's (1995) model of occupational functioning and congruent with the newly revised International Classification of Functioning and Disability (ICIDH-2; World Health Organization, 1999) . The three outcome categories were capacities and abilities, activities and tasks, and roles. The capacities and abilities level included such outcomes as motor coordination, dexterity, balance, and depression. The activities and tasks level included such outcomes as performance during transfers, activities of daily living, and functional mobility. The roles level was only assessed in one study (Mitchell, Mertz, & Catanzaro, 1987) and included the participant's perceived social support. Social support was measured by participants' responses to questions of perceived social resources and relational support, which we believed to support engagement in daily life at the role level. The levels of capacities and abilities, activities and tasks, and roles correspond to the ICIDH-2 levels of body functions and structure, activity, and participation, respectively.
Effect Size Calculation
An effect size r was calculated for each outcome of interest within each study. An effect size (r) represents the strength of a relationship within the population (Rosenthal & Rosnow, 1991) . Because r has a skewed distribution, the effect sizes within each study were converted to Zr. Then the Zr estimates were averaged and converted back to r, which was the mean effect size that was used as the primary statistical unit for this meta-analysis (Rosenthal, 1994) . The effect sizes were also averaged within the study separately for each outcome category (capacities and abilities, activities and tasks, roles).
Effect sizes were calculated using the most appropriate statistic available. Significance tests (t , F, z) were used for the calculation of the effect size r if available. If specific tests of significance were not reported, an exact p value was used for the calculation. The exact p value was converted to a standard normal deviate Z and then to the effect size. Means and standard deviations were used to calculate an effect size d, which would be converted to r if the exact p value was not available. The standard deviations from the treatment and control groups were averaged, and the mean standard deviation was used for this calculation. Where possible, the mean standard deviation of the change scores from pretest to posttest was used. In studies with no control group, the d effect size was calculated by subtracting the posttest score from the pretest score and then by dividing by the standard deviation for that group. The d was then converted to an r (Rosenthal & Rosnow, 1991) .
Statistical Combination of Effect Sizes Across Studies
The mean effect sizes were combined across studies by converting to the Zr, calculating the mean, and then converting back to r. Four unweighted mean effect sizes were calculated: an overall r, a capacities and abilities r, an activities and tasks r, and a roles r. The calculated effect sizes were considered small if .10 ≥ r ≥ .29, moderate if .30 ≥ r ≥ .49, and large if r ≥ .50 (Cohen, 1988) . To examine the significance of each unweighted mean effect size, the sum of Zs method was used in which the Z statistic was calculated for each study, summed, and divided by the square root of the number of studies involved in the calculation (Becker, 1994) . A one-tailed p value was then matched with the generated Z statistic by using a table of standard normal deviates. In addition to testing for the significance of the mean effect sizes, a test of homogeneity was done separately for the overall r, the capacities and abilities r, and the activities and tasks r. The roles r was composed of only one study; therefore, the homogeneity test was not appropriate. The test of homogeneity (Q test) is a tool to determine whether the variance in effect sizes is what would be expected by chance (Shadish & Haddock, 1994) . The test is done by subtracting the effect size for each study from the mean effect size that is calculated across studies to determine the between-study variance and then dividing by an estimate of the within-study variance. If the test of homogeneity is not rejected, then the effect sizes are considered to share a common population. If homogeneity is rejected (p < .05), the variance of effect sizes is considered significantly greater than what is expected by chance alone. In this case, further analysis is commonly performed to examine possible moderating factors. For instance, in this meta-analysis, moderating factors may include type of study design, sample characteristics, or specific interventions. Table 1 presents the study characteristics and the overall mean effect size, capacities and abilities effect size, activities and tasks effect size, and roles effect size for each study. Of the studies included in this meta-analysis, most (10 of 16) evaluated the effect of a specific treatment strategy on outcomes for a client or group of clients with Parkinson's disease (Bridgewater & Sharpe, 1996; Comella, Stebbins, Brown-Toms, & Goetz, 1994; Formisano, Pratesi, Modarelli, Bonifati, & Meco, 1992; Gauthier, Dalziel, & Gauthier, 1987; Hurwitz, 1989; Mitchell et al., 1987; Montgomery, Lieberman, Singh, & Fries, 1994; Palmer, Mortimer, Webster, Bistevins, & Dickinson, 1986; Schenkman et al., 1998; Stallibrass, 1997) . Fewer studies examined the effect of a more generalized rehabilitation program on outcomes of clients with Parkinson's disease (Cedarbaum et al., 1992 , Gibberd, Page, Spencer, Kinnear, & Hawksworth, 1981 Patti et al., 1996 [studies 1 and 2]), and the remaining studies focused on motor control and motor learning (Platz et al., 1998; Soliveri et al., 1992) . Across studies, participants were in a similar age bracket (60.1-72 years); however, the Hoehn and Yahr stage of participants' Parkinson's disease, when reported, appeared to vary widely. In addition, the type and strength of research evidence varied widely across studies. Tables 2, 3 , and 4 show a stem-and-leaf display of the overall effect sizes (Table 2) , capacities and abilities effect sizes (Table 3) , and activities and tasks effect sizes across studies (Table 4) . A stem-and-leaf display is a device used to present graphically the frequency distribution of the effect sizes using all the data (Rosenthal & Rosnow, 1991) . For numbers with two digits, such as .70, the leading digit, .7, is the stem, and the second digit, 0, is the leaf. No stemand-leaf display is presented for the roles effect sizes because only one study measured the effect of occupational therapy-related treatment on outcomes at the life role level. This single study did not provide enough information to calculate an effect size, and the authors reported no significant changes in the outcome after treatment; therefore, the only effect size in this category was 0.
Results
Thirteen of the 16 studies showed a positive effect of occupational therapy-related treatment on overall outcomes (see Table 2 ). Two studies were given an effect size of 0 because the authors reported no significant change in variables but did not include information to calculate the effect size. One study showed a negative effect size. The unweighted mean effect size across the studies was small to moderate and significant (r = .26, p < .0001).
Ten of the 15 studies that measured outcomes classified at the capacities and abilities level showed positive effects of treatment (see Table 3 ). Four studies were given the effect size of 0 on the basis of the report of no significant change and not enough information to calculate the effect size. One study showed a negative effect size. The unweighted mean effect size across the studies was small to moderate and significant (r = .25, p < .0001).
Nine of 13 studies showed a positive effect of occupational therapy-related treatment on outcomes at the activities and tasks level (see Table 4 ). One study showed no effect of treatment (r = 0), and two were given the effect size of 0 because of the limited information to calculate an effect size. One study showed a negative effect. The unweighted mean effect size across the studies was small to moderate and significant (r = .26, p = .0013).
Tests of homogeneity were performed for each set of effect sizes. Homogeneity was rejected for overall effect sizes, Q(15) = 41.35, p < .05; capacities and abilities effect sizes, Q(12) = 31.12, p < .05; and activities and tasks effect sizes, Q(12) = 53.96, p < .05. According to these estimates, the effect sizes within each set cannot be considered to share a common population effect size. Normally under these conditions of heterogeneity of variance, moderator analyses would be conducted to attempt to identify sources of systematic variation among the effect sizes. We examined the various study variables (e.g., level of evidence, progression of Parkinson's disease) to determine whether moderator analyses could be conducted and would be useful. Because of inconsistent reporting of study characteristics, possible moderating variables could not be determined.
Discussion
The results of this meta-analysis suggest small to moderate positive effects of occupational therapy-related interventions on outcomes of persons with Parkinson's disease. This conclusion is more definitive than that of the narrative literature review on the effect of exercise for persons with Parkinson's disease (Protas et al., 1996) . However, these results need to be viewed cautiously on the basis of the current state of research in this area. A scarcity of strong research evidence exists on the effect of occupational therapy-related treatments, and because of this problem, studies with validity problems or very small sample sizes (n < 10) were included in this analysis. We believe that the small effect sizes found in this analysis may be a conservative esti- mate of the actual effect of these treatments. One major limitation during the analysis was the lack of data needed to calculate effect sizes of nonsignificant outcomes in individual studies. Because of this problem, six effect sizes were considered to be 0 when a positive treatment effect may have existed. These effect sizes were used in the calculation of means and may have reduced the mean effect size estimates. In addition to this limitation, effect sizes across studies were found to be heterogeneous; however, moderator analysis could not be done because of the lack of reporting of similar study characteristics across studies. This inability to determine moderating factors reduces the certainty of conclusions that can be drawn from this analysis (Eagly & Wood, 1994) .
Another limitation was that studies were gathered only from peer-reviewed journals. By sampling only from published literature, relevant unpublished studies may have been missed, contributing to bias (White, 1994) . Publication bias can be examined by the "file-drawer" method, which involves the calculation of the number of unpublished studies with effect sizes of 0 that would need to be found to make the overall effect size nonsignificant (Rosenthal & Rosnow, 1991) . For this meta-analysis, the number of unpublished studies that would need to exist would be 147. It is unlikely that this many unpublished studies with null findings exist; therefore, we feel confident that the overall effect size in this study would still be significant, including any unpublished studies.
Another form of selection bias (Wortman, 1994 ) may have entered into this study because the first author usually selected the articles for inclusion. This bias was partially controlled by consulting the second author about the applicability of particular studies and by using an established set of inclusion criteria. A final possible contribution to bias was the use of one coder (the first author) to code the study variables for this analysis (Orwin, 1994) . This potential form of bias, however, was somewhat controlled through mutually defined decision rules for coding that the two authors and other colleagues established and frequent discussions to resolve coding questions. A better method for controlling for this form of bias is to have multiple coders record study variables and calculate interrater agreement among the coders (Stock, 1994) .
Despite these challenges and limitations, the findings of this meta-analysis can be used in EBP. One use for the metaanalysis is to communicate with clients about intervention effectiveness so that they may make informed decisions about whether to participate in occupational therapy. The binomial effect size display (BESD; Rosenthal & Rubin, 1982) translates the effect size r into success rates, quantified information that may be easier to communicate about than r. Using the BESD formula, the average effect size r of .26 found in the current study translates into success rates of 37% for control group members as opposed to 63% success rates for intervention group members. A practitioner could translate the meta-analytic evidence to a client as follows (see TickleDegnen, 1998 , for more detail on this method of translation):
You asked me whether it is worth it to become involved in occupational therapy. Your concern is understandable given the cost of therapy and the effort required for you to participate in therapy. A recent review of the research on the effectiveness of occupational therapy and other relevant rehabilitation interventions with clients with Parkinson's disease found that 37% of clients had positive results without therapy, but 63% had positive results with therapy. This finding suggests that intervention had a small to moderate positive effect on intervention outcomes, particularly with respect to improving basic abilities and daily living activities. We must be somewhat cautious in applying these Although 16 studies were in the sample, 3 studies did not measure outcomes classified by the authors at the activities and tasks level.
findings to you, however. For one thing, some of the research studies had flaws in their design. More importantly, you are unique, and the findings may or may not apply to you. You may or may not benefit from occupational therapy. Let's talk more about the benefits and costs of you participating in occupational therapy.
Conclusion
To provide effective occupational therapy intervention, it is necessary to draw on research evidence. This meta-analysis provides a source of evidence for occupational therapists who treat clients with Parkinson's disease. Although more well-designed research studies that examine the effectiveness of occupational therapy interventions with persons who have Parkinson's disease are needed, this systematic review of current research provides information that can be used to communicate with clients. Turn to AJOT® for the latest information on occupational therapy treatment modalities, aids and equipment, legal and social issues, education, and research.
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